Introduction {#s1}
============

Apoptosis is a distinct form of a programmed cell death (PCD) or cell suicide, first described by Kerr et al. in the 1970s.^[@R1],[@R2]^ It is a normal physiological phenomenon that plays pivotal role during embryonic development, retention of tissue homeostasis and pathology.^[@R3]^ Apoptosis is triggered by extrinsic and intrinsic stimuli as radiation, oxidative stress and genotoxic chemicals. It is defined by characteristic changes in the nucleus morphology including chromatin condensation and fragmentation, overall cell shrinkage/rounding and formation of apoptotic cell bodies. Among the many markers of apoptosis, DNA fragmentation is considered a hallmark.^[@R3]-[@R5]^

Defect in apoptotic pathways plays an important role in the development and progression of cancer.^[@R3]^ Modulation of the apoptotic signaling pathways towards normality by means of drugs or treatment strategies have the potential to eliminate cancer cells.^[@R3],[@R6]^ There are different methods to assess the DNA fragmentation due to apoptosis including many commercial kits, morphological identification, DNA ladder observation, flow cytometry and fluorescent assays.^[@R7],[@R8]^ The DNA ladder assay described here is a simple, sensitive, cost-effective and rapid method for estimating apoptosis in single cells. The aim of present study was to develop a fast method for evaluating apoptotic DNA fragments from mammalian cells by providing an easy-to-use DNA extraction protocol. These modified and updated protocol lessens multi-step manipulations including multiple stages of incubation, elution, drying and etc that may cause reduction in DNA yield and quality of results.

Methods and material {#s2}
====================

Materials {#s2-1}
---------

The NIH-3T3 cell line was obtained from the national cell bank of Iran (Tehran, Iran). Cell culture flasks and plates were purchased from JET BioFIL (Elgin IL, USA). Cell culture dishes were obtained from TPP (Trasadingen, Switzerland). RPMI1640 medium and Trypsin -- EDTA (1X) were obtained from Sigma-Aldrich (Poole, UK). Normal melting agarose and fetal bovine serum (FBS) were bought from Invitrogen-Gibco (Paisley, UK). The other chemical materials such as paraformaldehyde, H~2~O~2~, 2% lysis buffer (Tris-HCl 100 mM, EDTA 20 mM, NaCl 1.4M, C-TAB (N-Cetyl-N,N,N-trimethylammonium bromide) were bought from Merck (Kenilworth, NJ, USA). Annexin V-FITC apoptosis detection kit was obtained from EMD Chemicals (Gibbstown, NJ, USA).

Cell culture {#s2-2}
------------

The NIH-3T3 cell line were cultured in RPMI1640 medium supplemented with 10% FBS and antibiotics (penicillin 0.1 μg/μL and streptomycin 0.1 μg/μL) in a humidified incubator with an atmosphere of 95% air and 5% CO2 at 37^°^C. Induction of apoptosis occurred by 500 µM H~2~O~2~ for 48 hours.

DNA extraction protocol {#s2-3}
-----------------------

Because of floating apoptosis cells, the media of cultures was collected and centrifuged at 5000 rpm for 5 minutes, the supernatant was discarded and added 500 μL lysis buffer, after then, 500 μL of lysis buffer was added to vacant plates, incubated in room temperature for 10 minutes and harvested lysate cells from plates/flasks into the tubes harboring pellet of centrifuged cells then incubated in 65^°^C for 5 minutes. After cooling in room temperature for 5 minutes, 700 μL chloroform-isoamyl alcohol was added, and then centrifuged at 12000 rpm for 5 minutes. The aquatic (upper) phase was transfered into new eppendrof tubes. An equal volume of cold isopropanol was added into tubes, and mixed gently by inversion. The tubes were then centrifuged at 12000 rpm for 5 minutes. The supernatant was discarded, and the pellet was air-dried for 30 minutes. Then, the dried DNA was dissolved in 50 μL distilled water. The extracted DNA was quantified by a spectrophotometer, NanoDrop 1000 (NanoDrop, Wilmington, USA). The DNA samples were electrophoresed on a 1.5% agarose gel containing 1μL/100mL SYBR-Safe DNA gel stain (Invitrogen, Cat No. S33102). The gel was examined and photographed by an ultraviolet gel documentation system (iNTAS, Goettingen, Germany).

Flow cytometry {#s2-4}
--------------

Trypsinized cells with 1 mL trypsin-EDTA at 37^°^C for 5 minutes until cells were detached completely. Then, 10% FBS--RPMI1640 medium was added to terminate the trypsinization, which were then gently pipetted to avoid the formation of cell clumps. The cells were transferred into an eppendrof tube and centrifuged at 1000 rpm for 5 minutes. The supernatant was discarded, then the cells were washed with PBS (1X). Afterward, the cells were treated with H~2~O~2~ (500 μM), and then the cells were collected and resuspended in 100 μL of annexin V binding buffer. Afterward, 5 μL annexin V-FITC was added (Cat. No. 88-8005). After 15 minutes incubation at room temperature in the dark, the cells were centrifuged at 1000 rpm for 5 minutes. Then, the cell pellet was resuspended in 200 mL annexin V binding buffer, and the cells were counter-stained with 5 μL propidium iodide (PI) before analysis. The cells were analyzed using FACS-Calibur flow cytometry (Becton Dickinson, San Jose, USA) with emission filters of 515-545 nm for FITC (green) and 600 nm for PI (red). A total event of 10000 cells per sample were acquired, and the data were analyzed with Cell Quest software (Becton Dickinson, San Jose, USA).

DAPI staining {#s2-5}
-------------

NIH-3T3 cells were seeded in 6-well plates containing coverslips and treated 500 µM H~2~O~2~ for 48 hours, then fixed with 4% paraformaldehyde for 10 minutes. The cells were washed with PBS (3×), then permeabilized with 0.1% Triton X-100 for 10 minutes, washed again with PBS (3×), then stained with DAPI (4,6-diamidino-2-phenylindole) for 5 minutes. The cells were evaluated by a fluorescent microscope, Olympus IX81 invert fluorescence microscope equipped with Olympus DP70 camera (Olympus Corp., Tokyo, Japan).^[@R9]^

Technical hints {#s2-6}
---------------

\(i\) To avoid loss of majority of apoptotic cells for DNA ladder assay, floating cells should harvested since apoptosis cause detachment of the cells.

\(ii\) Before performing flow cytometry assay, the media of treated cell cultures should be collected and centrifuged for harvesting the detached cells.

Results {#s3}
=======

DNA fragmentation assay {#s3-1}
-----------------------

Apoptosis can be visualized as a ladder pattern of 180-200 bp due to DNA cleavage by the activation of a nuclear endonuclease by standard agarose gel electrophoresis.^[@R10],[@R11]^ Thus, we showed the formation of the DNA ladder in gel electrophoresis by induction of apoptosis in NIH-3T3 cell line ([Fig. 1](#F1){ref-type="fig"}).
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Flow cytometry assay {#s3-2}
--------------------

Flow cytometry was applied to distinguish apoptotic and necrotic cell death. Apoptosis includes translocation of membrane phosphatidylserine (PS) from the inner side of the plasma membrane to the surface. Annexin V, a Ca^+2^-dependent phospholipid-binding protein, has high affinity for PS, cells were stained with Annexin V-FITC/PI.^[@R12],[@R13]^ Our results demonstrated that 58.14% of H~2~O~2~- treated cells showed apoptosis in this cell line ([Fig. 2](#F2){ref-type="fig"}).
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DAPI staining {#s3-3}
-------------

Induction of apoptosis on NIH-3T3 cells was also investigated by microscopic analysis of DAPI stained cells. [Fig. 3](#F3){ref-type="fig"} shows the untreated control and the H~2~O~2~ treated cells. The H~2~O~2~ treated cells demonstrated significant fragmentation in the chromatin within the nucleus cells but their morphology did not changed in untreated normal cells.
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Discussion {#s4}
==========

Flow cytometry, DAPI staining and DNA ladder assays for detection of apoptosis are now in widespread use due to importance of apoptosis in molecular biology and drug screening in cancer studies.^14^ Despite their worldwide use, we demonstrate that DNA ladder assay protocol described in this report, has some advantages over other assays specially DNA ladder kits and previous reports: (i) as mentioned before DNA ladder assay demonstrate the hallmark of apoptosis -- mono and oligonucleosomal DNA fragments; (ii) no pre-labeling of the cells is required, not limited to cells that proliferate in vitro; (iii) finally this method is rapid, easy-to-perform because of excluding laborious and multi-step manipulations during DNA extraction, cost effective due to less chemical materials used in this protocol, non-radioactive and yet reliable , and suitable for routine detection of apoptosis in mammalian cells.

DNA ladder assay is an easily available method and seems to be very useful for quick screening of apoptotic changes in cell populations. This method allows working with cell lysates and dose not require any special laboratory equipment.^[@R11]^ It is a simple assay to perform, however being time consuming procedure, prompted us to enhance its sensitivity and reliability through some modification in DNA extraction protocol. The present study results showed that our modified and updated protocol, can be considered as a useful method for evaluating DNA damage and fragmentation without need for laborious laboratory procedures or expensive kits/equipments.

Conclusion {#s5}
==========

Although flow cytometry is a quantitative technique for determining apoptosis, and DAPI staining shows the morphological changes in the chromatin but they need sophisticated instrumentation and both are time consuming. We believe that the reported improved method of DNA ladder assay will be very useful for numerous laboratories that routinely study cell death or carry out routine experimental/clinical screening of drugs and chemotherapeutics.
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Research Highlights {#s9}
===================

What is current knowledge? {#box1}
--------------------------

√ Current DNA extraction protocols appear to be tedious, costly and time-consuming.

What is new here? {#box2}
-----------------

√ The Current method is an efficient and high yielded cost-effective DNA extraction protocol.

√ There is no need for commercial kits or advanced instruments.
